Additional index words. Pelargonium ·hortorum, sensor technology, nutrition, plant quality, GreenSeekerä pocket sensor, NDVI Abstract. This research was conducted to investigate the potentials of normalized difference vegetation index (NDVI), a Soil-Plant Analyses Development (SPAD) chlorophyll meter, and leaf nitrogen (N) concentration [% dry matter (DM)] for rapid determination of N status in potted geraniums (Pelargonium ·hortorum). Two F 1 cultivars were chosen to represent a dark-green leaf cultivar, Horizon Deep Red, and a light-green leaf cultivar, Horizon Tangerine, and were grown in a soilless culture system. All standard 6-inch (15.24-cm) pots filled with a medium received an initial topdress application of 5 g controlled-release fertilizer (15N-9P-12K), then plants were supplemented with additional N in the form of urea at 0, 50, 100, or 200 mgÁL -1 N every few days to produce plants ranging from N-deficient to N-sufficient. The NDVI readings of individual plants from a NDVI pocket sensor developed by Oklahoma State University were collected weekly until the flowering stage. Data on flower traits, including number of pedicels (NOP), number of full umbels per pot (NOFU), total number of flowers per pot (TNF), number of flowers per pedicel (NOF), and inflorescences diameter (IFD), were collected 3 months after initial fertilizer treatment. After measuring flower traits, pedicels were removed from each pot, and SPAD value, NDVI, and leaf N concentration (gÁkg -1 DM) were measured simultaneously. Cultivar and N rate significantly affected all but two flower and one N status parameters studied. The coefficient of determination R 2 showed that NOP, NOFU, and TNF traits were more related to the N rates and the status parameters studied for 'Horizon Tangerine' than for 'Horizon Deep Red'. For the latter cultivar, NOP and TNF traits were highly related to NDVI and SPAD values than N rates and leaf N content parameters. Correlation analysis indicated that the NDVI readings (R 2 = 0.848 and 0.917) and SPAD values (R 2 = 0.861 and 0.950) were significantly related to leaf N content (gÁkg -1 DM) between cultivars. However, sensitivity of the NDVI and chlorophyll values to N application rate in geranium was slightly less than leaf N content. Strong correlations (R 2 = 0.974 and 0.979, respectively) between NDVI and SPAD values were found within cultivars. The results demonstrated NDVI and SPAD values can be used to estimate N status in geranium. Because the pocket NDVI sensor will be cheaper than the SPAD unit, it has an advantage in determining N content in potted ornamentals.
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showed that NOP, NOFU, and TNF traits were more related to the N rates and the status parameters studied for 'Horizon Tangerine' than for 'Horizon Deep Red'. For the latter cultivar, NOP and TNF traits were highly related to NDVI and SPAD values than N rates and leaf N content parameters. Correlation analysis indicated that the NDVI readings (R 2 = 0.848 and 0.917) and SPAD values (R 2 = 0.861 and 0.950) were significantly related to leaf N content (gÁkg -1 DM) between cultivars. However, sensitivity of the NDVI and chlorophyll values to N application rate in geranium was slightly less than leaf N content. Strong correlations (R 2 = 0.974 and 0.979, respectively) between NDVI and SPAD values were found within cultivars. The results demonstrated NDVI and SPAD values can be used to estimate N status in geranium. Because the pocket NDVI sensor will be cheaper than the SPAD unit, it has an advantage in determining N content in potted ornamentals.
Geraniums (Pelargonium spp.) are an important crop for the U.S. bedding plant industry with a wholesale value of over $100 million in 2010 for both seed and vegetatively produced plants (U.S. Department of Agriculture, 2010) . Geraniums are typically grown under greenhouse conditions during the winter and spring seasons for the purpose of responding to the high demand of spring commercial markets. Plants must receive adequate fertilization, in particular N, to meet production standards and scheduling. Nitrogen is an essential element for plant growth and determines plant quality by affecting leaf weight, leaf area, leaf chlorophyll content, plant size, and transpiration rate (Bar-Tal et al., 2001; Van Iersel et al., 1998a , 1998b . Nitrogen can be immobilized, volatilized, leached from plant roots, or be lost through runoff. Excessive N application leads to increased production costs and may cause contamination of ground and surface water sources as a result of runoff. Therefore, application of N fertilizer to plants should meet the needs of the crop for both economic and environmental reasons (Turner and Jund, 1994) . For greenhouse container production, the N requirement not only varies with plant type and age, but also is limited by the small volume of growth medium held within the container.
Nitrogen fertilization requirements and plant tissue analysis standards for geraniums are available (Biamonte et al., 1993; Dole and Wilkins, 2005; Kofranek and Lunt, 1969; Krug et al., 2010; Mills and Jones, 1997; Price et al., 1997) . However, the most common greenhouse irrigation practice is to apply an adequate fertilizer solution to cause some leaching that helps to prevent excess nutrients and soluble salt buildup. The volume of excess solution as a percentage of the total solution applied is termed the leaching fraction (LF) (Hershey and Paul, 1982) . Theoretically, the optimum N fertilizer rate includes the LF in addition to the amount of N the plant requires. The recommended LF is 20% (Mastalerz, 1977) , but under drip irrigation, it may be in excess of 40% to 50%. The exact time at which plants require fertilizer inputs is difficult to determine unless some method of monitoring is used (Altland et al., 2002) . Three types of monitoring approaches, plant-based, soilbased, and reflectance-based non-destructive measurements, are commonly used to diagnose N deficiency, determine N requirements of crops, and improve N use efficiency (NUE). A visual approach is to monitor leaf color. However, by the time symptoms usually appear, plants have usually been deficient for at least a week. Electrical conductivity (EC) and pH values of the growth medium are generally used to monitor nutrition level and N leachate from the soil. Applying fertilizer based on these two values has been shown to be effective in reducing N leaching in geranium (Morvant et al., 2001 ), but it is time-and laborintensive to monitor single pots and also N estimation is not precise.
Because existing methods of soil and plant analysis can be unreliable and potentially timeconsuming, reflectance-based, non-destructive techniques have received increasing attention (Link and Reusch, 2006) . Chlorophyll content of a plant, or greenness, is a useful index to assess the growth status and leaf N level of a plant (Seemann et al., 1987) . For several horticultural crops, leaf N and chlorophyll concentration were found to be strongly correlated when checked using a SPAD chlorophyll meter (Neilsen et al., 1995; Shaahan et al., 1999; Vos and Bom, 1993; Wang et al., 2004; Westerveld et al., 2003; Zanin and Sambo, 2006) . The SPAD meter has a peak chlorophyll absorbance at 650 nm and nonchlorophyll absorbance at 940 nm to calculate a value proportionate to the relative optical density based on the ratio between the two wavelengths (Minolta, 1989) . In N-deficient plants, because of low chlorophyll content, the red reflectance is much higher, whereas the infrared region is much lower (Ajay et al., 1984) . For some species, correlation between SPAD meter reading and leaf N concentration is low (Martín et al., 2007) , and for broad leaf species, multiple measurements per leaf are required to acquire a representative SPAD value for a leaf greatly reducing the speed of acquisition (Chang and Robison, 2003) .
Use of vegetative indices, calculated from optically sensed measurements, can also provide rapid, non-destructive readings that correlate with plant properties such as chlorophyll and plant nutrition (Raun et al., 1998) . Use of vegetative indices from GreenSeekerä (NTech Industries, Ukiah, CA) technology is widely accepted in large-scale agronomic field production of Zea mays L., Triticum aestivum L., and Gossypium hirsutum L. (Carrillo, 2006; Clay et al., 2006; Eitel et al., 2008) and has been investigated in turfgrass (Baghzouz et al., 2007; Bell et al., 2004; Xiong et al., 2007) . Remote sensing using vegetative indices has been used for some horticultural crops including Helianthus annuus L., Brassica oleracea L., and Vitis L. (El-Shikha et al., 2007; Peñuelas et al., 1994) but is not practical for greenhouse settings. GreenSeekerä technology is portable and uses an active lighting optical sensor with high-intensity light-emitting diodes that emit light at 660 nm (red) and 780 nm [near-infrared (NIR)] wavelengths. The magnitude of the light reflected from the target is measured by a photodiode detector. NDVI values are then generated from the reflectance values for red and NIR. Recently, a new handheld pocket NDVI sensor was developed at Oklahoma State University. It was developed to provide similar readings at a fraction of the cost as the original GreenSeekerä technology and can be used to easily measure a single plant or multiple greenleafed plants in a greenhouse setting during the vegetative stage because colors will confound NDVI readings. The pocket NDVI unit is also projected to cost considerably less than a SPAD chlorophyll meter.
A close relationship between leaf greenness or chlorophyll content and a plant's N status has been reported in both agronomic as well as horticultural crops (Tremblay et al., 2011) . Because of the correlation between N content and chlorophyll concentration, this research evaluated the feasibility of collecting indirect measurements of chlorophyll content. A new pocket optical NDVI sensor unit and the SPAD chlorophyll meter have not been studied for assessment of N status of potted geranium and their relationship with flower quality traits. The objective of this study was to see if NDVI and SPAD values could be used to monitor the nutrient status in potted geraniums. at 1200 HR. On 27 Jan., 2011, 5 g of 15N-9P-12 (OsmocoteÒ Plus; The Scotts Co., Marysville, OH) was applied on the surface of each pot. Plants were hand-watered with tap water at a rate of %250 mL per pot per irrigation event to avoid excessive leaching. For the first 7 weeks, plants were fertigated with a solution containing 0, 50, 100, or 200 mgÁL -1 N from fluid urea (28%, 28N-0P-0K) at every third irrigation, then plants were fertigated every other watering until flowering stage for a total of 19 irrigations with a fertilizer solution. Fertilizer solution was mixed in a plastic bucket and applied at the same volume as the water. Nitrogen treatments were designed to produce plants with N status ranging from deficient to excessive. The experiment, consisting of eight treatments (two cultivars · four N levels), was replicated 30 times with single-pot replications, thereby giving a total of 240 pots. Pots were arranged in a completely randomized design.
Materials and Methods

Plant
Normalized difference vegetation index, inflorescence, Soil-Plant Analyses Development value, and nitrogen content determination. Individual plants were scanned from all 240 pots for NDVI readings weekly (total of five rating dates) until the flowering stage using a NDVI pocket sensor (NTech Industries) developed by Oklahoma State University. During measurements, the sensor was placed 45 cm above the plant canopy, giving the sensor a circular field of view with a diameter of 11.85 cm. To eliminate water status influence, all spectral readings were taken the day after plants were irrigated.
From 18 Apr. to 22 Apr., 2011, 3 months after initial N solution treatment and 35 d after initial pedicel appearance, data were collected for NOP, NOFU, TNF, NOF, and IFD by averaging two widths per umbel. Total number of flowers including opened and unopened flowers on each pedicel was randomly taken on 14 pots per N treatment.
After data collection for flower number and inflorescence size, all pedicels were removed from each pot. Plant canopy sensing was conducted using a SPAD chlorophyll meter (SPAD-502; Konica Minolta, Japan). For each pot, measurements were collected from four mature leaves from the middle to upper level of the plant. Additionally, because putting four pots together would generate a more flat and homogenous square area for the pocket sensor than an individual pot, every adjacent four pots of the same N treatment were gathered reducing replication by a factor of four, and NDVI measurements were taken from the center of where the pots were grouped on four points, which arranged near the corner point of scan area.
Immediately after scanning for NDVI, 15 mature leaves were collected from each pot in the four-pot group for a total of 60 leaves combined. Leaf samples were analyzed for total N content (gÁkg -1 DM) by the Soil, Water and Forage Analytical Laboratory at Oklahoma State University using a LECO TruSpec Carbon and Nitrogen Analyzer (LECO Corporation, St. Joseph, MI).
Data analysis. Collected data were analyzed using SAS software (SAS/Stat procedures, Release 9.02; SAS Institute, Inc., Cary, NC). Treatments were two geranium cultivars in a factorial combination with four N rates. Analysis of variance using the PROC GLM command in SAS was used to calculate the effects of N and cultivar on the parameters studied. For SPAD values, there were 30 replications and four observations per replication to serve as subsamples. Because measurements were taken on a four-pot group level, for NDVI, there were seven replications and four reading points per replication to serve as subsamples. For leaf N content (gÁkg -1 DM), there were seven replications without a subsample. For all flower parameters studied, there were seven replications and two subsamples. Means of main effects and interactions were separated by the protected least significant difference (a = 0.05 and 0.01). In addition, correlation regression of the parameters with N rates for the linear, quadratic, and logarithmic functions were determined for each cultivar.
To prove the predictive ability of N rates and three N status parameters, the Pearson correlation coefficients (r) and their P values were tested within them and between flower quality traits using the PROC CORR procedure. All of the correlations were calculated over means of four N rates (n = 4) for each cultivar. The coefficient of determination R 2 as squared correlation coefficient was used to indicate the explained variance (variance of the linear model's predictions) with the total variance of the data. on a single geranium pot with various N application rates increased substantially from pre-treatment to 19 d after N treatment across both cultivars (Table 1) . This indicated that before the plant canopy reached adequate coverage, the NDVI sensor may not accurately predict N needs because of underlying soil and other background reflectance. Another factor is that plants may already have adequate initial nutrition as seen with the significant N rates at pre-treatment. All N treatments reached a high value at 27 d after treatment (DAT) and decreased a little at 33 DAT before increasing again at 44 d after N treatment right before floral initiation (Table  1) . Significantly different NDVI readings were found at each date between dark-leaf cultivar and light-leaf cultivar (Table 1) . However, the difference of NDVI values was not significant within the four N rates at 27 DAT, but at all other sampling dates, NDVI values were significantly different among N rates (Table 1) . After plant growth and expansion of plant size, the SEs of NDVI decreased (Table 1) .
Results
Normalized difference vegetation index
Significant cultivar differences were seen for almost all of the flower parameters studied (NOP, NOFU, TNF, NOF, and IFD), except for NOP and IFD for inflorescence two. Nitrogen rate significantly affected all flower parameters (Tables 2 and 3) . Under similar N rates, geranium (Pelargonium ·hortorum) F 1 'Horizon Tangerine' showed fewer NOP, NOFU, and NOF (P # 0.01) than 'Horizon Deep Red'. However, the two geranium cultivars responded similarly to variation of N level, as indicated by the non-significance of the two-factor interaction. Nitrogen rates increased among treatments getting additional N for NOP, NOF, and IFD (Tables 2 and 3) but also stimulated early flowering (data not shown). With increasing N rate, NOP and NOF increased quadratically and NOFU increased linearly (Table 2) . Number of flowers and inflorescences size on each flower stem appeared similar; most increased quadratically with increasing N supply (Table 3) . Plants receiving 100 mgÁL -1 N tended to have more flowers and bigger flower size than those receiving 50 mgÁL -1 and were not significantly greater than 200 mgÁL -1 N, which indicates a N rate of 100 mgÁL -1 supplemented with 5 g of 15N-9P-12K (OsmocoteÒ Plus) would supply sufficient available N at least under the initial six-flower-stem stage.
Effects of nitrogen supply on normalized difference vegetation index, Soil-Plant Analyses Development values, and leaf nitrogen content (gÁkg -1 dry matter). The NDVI, SPAD value, and leaf N were measured simultaneously at the initial bloom stage. There were significant differences between cultivars (P # 0.001) and N rates (P # 0.001) for both NDVI and SPAD values. With increasing N rate, the cubic, quadratical, and linear trends of NDVI, SPAD, and leaf N content were significant (Table 4 ). Leaf N (gÁkg -1 DM) only differed significantly within N rates (P # 0.0001), and the difference was nonsignificant between the cultivars (P > 0.05) ( Table 4 ). There were no significant differences within interactions of cultivar and N rates, which indicated that the two geranium cultivars responded similarly to variation of N levels for NDVI, SPAD, and leaf N content values. Both NDVI and SPAD values were capable of differentiating the response of N across all N rates, but leaf N content did not show significant difference between 50 mgÁL -1 and 100 mgÁL -1 treatments. Leaf N content was capable of differentiating the response of N when comparing both 50 mgÁL -1 and 100 mgÁL -1 N rates with the control (0 mgÁL ). The results indicated the sensitivity of the NDVI and the chlorophyll value to N supply in geranium. With increasing N rate, NDVI readings and leaf N content increased cubicly (P # 0.001 and P # 0.01, respectively), and SPAD values increased quadratically (P # 0.0001) ( Table 4) . Each of the Pearson linear correlation coefficients (r) and their P values (N rate vs. NDVI, N rate vs. SPAD, N rate vs. leaf N content, NDVI vs. SPAD, NDVI vs. leaf N content, SPAD vs. leaf N content) were tested with data from both cultivars. For 'Horizon Deep Red', correlations between N rate vs. leaf N content and NDVI vs. SPAD were significant at the P # 0.05 level. For 'Horizon Tangerine', correlations between NDVI vs. SPAD, NDVI vs. leaf N content, and SPAD vs. leaf N content were significant at the P # 0.05 level (Table 5) . However, all three N status parameters nearly equally correlated with N supply rates with coefficients of determination (R 2 ) ranging from 0.740 to 0.931 for 'Horizon Deep Red' and ranging from 0.759 to 0.900 for 'Horizon Tangerine'. For the two tested cultivars, the coefficients of determination (R 2 ) in a linear relationship between the leaf N content and the sensor measurements, i.e., NDVI (R 2 = 0.848 and 0.917, respectively) and SPAD (R 2 = 0.861 and 0.950, respectively) were high enough to be used in practice. Given the high level of correlations, NDVI and SPAD value can be used to rapidly detect N status in geranium.
Relationship between flower traits with normalized difference vegetation index, SoilPlant Analyses Development value, and leaf nitrogen content (gÁkg -1 dry matter). The aforementioned results indicated that N supply significantly increased for the NOP, the NOFU, and the TNF on an individual plant basis. Each of the Pearson linear correlation coefficients (r) and their P values (between N rate, plus three N status parameters, and three flower quality traits) were tested with data from both cultivars. For 'Horizon Deep Red', none of these correlations were significant at the P # 0.05 level; most of these relationships were not practical, because the coefficients of determination (R 2 ) in the linear relationship were too low, except for the correlations between two flower quality traits (i.e., NOP and TNF) and the two sensors (i.e., NDVI and SPAD), which ranged from 0.705 between SPAD and TNF to 0.782 between NDVI and NOP (Table 6 ). However, most of these correlations were significant at the P # 0.05 level for 'Horizon Tangerine', and the lowest value of the coefficients of determination (R 2 ) was 0.724 between N rate and TNF (Table  6 ). The results demonstrated the predictive Table 1 y NS, *, **, ***, ****Nonsignificant or significant at P # 0.05, P # 0.01, P # 0.001, or P # 0.0001, respectively. x LSD 0.05 = Fisher's protected least significant difference at P # 0.05 and P # 0.01, respectively. abilities of NDVI, SPAD, and leaf N content for flower quality despite being complicated by various responses within flower traits to N rates and cultivar effects.
Discussion
For ornamental plants growing in a greenhouse, N requirement varies with plant age and type. Krug et al. (2010) proved that optimal nutrient ranges of potted geranium vary among cultivars as a result of leaf color and physiological age of the plant, and noted as plants matured, N concentration decreased. At both the young and mature stages of growth, the dark-colored leaved cultivar had higher concentrations of N compared with the lightcolored leaved cultivar (Krug et al., 2010) . However, in the greenhouse industry, broader and general ranges from 150 to 300 mgÁL -1 on a continual basis are used for commercial fertilizer recommendations for geraniums (Biamonte et al., 1993; Hammer, 1991; Whipker, 1998) , which do not account for physiological age and leaf color type.
Based on the low rate (8 g) of suggested surface application for a 6-inch pot of OsmocoteÒ Plus, the initial level of N was at a much lower level than recommended. Addition of N in the form of urea significantly increased number of pedicels, number of flowers, and inflorescence size (Table 2) , indicating optimal N supply is important for overall growth and plant quality in potted geranium. Krug et al. (2010) using Excel (13-2-13, which contains 13N-0.86P-10.8K) liquid fertilizer found that sufficient ranges for N in geraniums decreased from 36.2 to 40.2 gÁkg -1 (3.62% to 4.02%) DM to 29.1 to 35.1 gÁkg -1 (2.91% to 3.51%) DM with the lightcolored leaf cultivar and decreased from 39.9 to 41.5 gÁkg -1 (3.99% to 4.15%) DM to 32.4
to 35.8 gÁkg -1 (3.24% to 3.58%) DM with the dark-colored leaf cultivar. Within this range, plants would have a satisfactory plant size, dry weight, and growth index. Compared with our results, only the leaf content of 200 mgÁL -1 N application treatment is within this sufficiency range, and N rates of 50 mgÁL -1 and 100 mgÁL -1 would have shown deficiency if the experiment were extended longer.
In greenhouse production, potted geranium quality, related to size and inflorescence number, is important for sales and is heavily influenced by the nutrient management program. Therefore, a procedure that allows for rapid and accurate determination of N status in geranium can be useful to growers. Altland et al. (2002) reported SPAD values were poorly correlated or changed at different collection dates to foliar total N in annual vinca [Catharanthus roseus (L.) G. Don] and concluded SPAD readings were not suitable for predicting plant N status. Our results demonstrated that indirect chlorophyll content measurements such as SPAD value and NDVI reading have a high correlation with N application rate and leaf N concentration in geraniums. This difference may be attributed to watering schedule or environmental factors.
According to NTech Industries (2009), current wheat and corn GreenSeekerä algorithms require at least 50% of the 60-cm footprint of each sensor to be covered by vegetation to calculate NDVI. It means wheat at the five to six leaf stage has reached adequate coverage to ensure a reliable reading and corn should be V8 to V12. For potted geranium, the coverage of a single plant was limited at the initial growth stage. Also, irregular shape or an uneven leaf surface would impede collecting a reliable NDVI reading. However, when potted geranium start to fill a pot out, we can put four pots together and create a more flat and homogenous square area guaranteeing more accurate readings. As a result of soil properties, water supply, growth L****Q**** z The average means (n = 30) and SEs are presented. Mean number of flowers were taken from six umbels. y NS, **, ***, ***Nonsignificant or significant at P # 0.05, P # 0.01, or P # 0.001, respectively. x LSD 0.05 = Fisher's protected least significant difference at P # 0.05 and P # 0.01, respectively. w **, ***, ****Linear (L), or quadratic (Q), or cubic (C) response at P # 0.01, P # 0.001, or P # 0.0001 level, respectively. 135.3 ± 34.2 10.8 ± 1.5 104.5 ± 17.5 9.5 ± 1.0 81.9 ± 23.5 8.1 ± 2.6 59.8 ± 21.2 7.1 ± 3.1 44.0 ± 18.2 3.2 ± 3.8 100 132.7 ± 20.5 11.9 ± 1.5 101.6 ± 14.3 10.7 ± 0.7 83.8 ± 16.6 9.6 ± 0.9 75.4 ± 23.8 9.5 ± 0.8 57.6 ± 9.4 6.2 ± 3.6 200 134.3 ± 30.6 11.1 ± 1.1 89.3 ± 20.6 10.6 ± 0.7 68.4 ± 17.4 9.1 ± 1.0 59.6 ± 15.7 8.5 ± 0.8 50.6 ± 19.0 5.4 ± 3.6
Horizon Tangerine 0 51.5 ± 12.9 9.2 ± 0.7 44.1 ± 12.8 8.3 ± 2.8 39.1 ± 21.5 5.8 ± 3.9 33.2 ± 18.0 4.8 ± 3.9 18.4 ± 16.4 1.5 ± 3.2 50 71.9 ± 8.8 10.6 ± 1.0 61.5 ± 8.8 10.0 ± 1.0 54.9 ± 13.6 8.3 ± 1.1 41.3 ± 20.2 6.1 ± 3.4 26.9 ± 13.6 1.6 ± 3.4 100 73.9 ± 14.2 11.2 ± 0.8 60.1 ± 10.9 10.0 ± 0.8 50.2 ± 20.6 7.8 ± 3.5 43.9 ± 13.8 7.1 ± 4.0 39.1 ± 26.7 3.8 ± 4.0 200 71.9 ± 12.4 11.0 ± 0.6 58.4 ± 12.3 9.7 ± 0.9 52.2 ± 19.7 8.1 ± 2.8 40.1 ± 12.9 6.1 ± 4.1 37. L***Q**** Q****C* L****Q**** L*Q**** L**Q* Q* Q* L****Q*** L** z The average means (n = 14) and SEs are presented. y NA, NS, *, **, ***Not available, non-significant, or significant at P # 0.05, P # 0.01, or P # 0.001, respectively. x LSD 0.05 or LSD 0.01 = Fisher's protected least significant difference at P # 0.05 and P # 0.01, respectively. w *, **, ***, ****Linear (L), or quadratic (Q), or cubic (C) response at P # 0.05, P # 0.01, P # 0.001, or P # 0.0001 level, respectively. stages, sampling procedures (Olfs et al., 2005; Peterson et al., 1993) , cultivars (Debaeke et al., 2006; Samborski and Rozbicki, 2002) , and seasonal effects (Hussain et al., 2000) , there are wide variations in values of indirect leaf chlorophyll measurements, and standards for each species and cultivar may need to be established at each growing facility.
Both handheld sensors (SPAD meter and pocket NDVI unit) are capable of indicating the status of canopy variables related to N for these two geranium cultivars. These sensors would be of little use if this information cannot be translated into N fertilization recommendations. Further research is needed to calibrate sensor measurements with N fertilizer needs for various plant species, growing stage, and recovery efficiency as well as seeing if the pocket NDVI sensor has an advantage in determining N content in other potted ornamentals. 353 L****Q****C*** z L****Q**** L****C** z **, ***, ****Linear (L), or quadratic (Q), or cubic (C) response at P # 0.01, P # 0.001, or P # 0.0001 level, respectively. y The average means (n = 7) except for SPAD (n = 30) and SEs are presented. x NS, *, **, ***, ****Nonsignificant, or significant at P # 0.05, P # 0.01, P # 0.001, and P # 0.0001, respectively. w LSD 0.05 or LSD 0.01 = Fisher's protected least significant difference at P # 0.05 and P # 0.01, respectively. NDVI = normalized difference vegetation index; SPAD = Soil-Plant Analyses Development; DM = dry matter. 
